A QM/MM investigation of thymine dimer radical anion splitting catalyzed by DNA photolyase.
On the mend: The repair reaction of the thymine dimer by DNA photolyase (see picture) is studied by hybrid quantum mechanical/molecular mechanical dynamics simulations based on the X-ray structure of the enzyme-DNA complex. The dynamics of splitting of the thymine dimer radical anion within the DNA photolyase active site is characterized. The model includes the protein environment. DNA photolyase is a highly efficient light-driven enzyme that repairs the UV-induced cyclobutane pyrimidine dimer in damaged DNA. Herein, we investigate the repair reaction of the thymine dimer by means of hybrid quantum mechanical/molecular mechanical (QM/MM) dynamics simulations based on the X-ray structure of an enzyme-DNA complex. In analogy to the self-repair reaction, we find that the splitting mechanism of the cyclobutane ring is asynchronously concerted and is complete within a few picoseconds upon electron uptake. A few distinct processes characterize the dynamics of splitting of the thymine dimer radical anion within the DNA photolyase active site: continuous solvation reordering of the catalytic region, proton transfer from Glu283 to the dimer, as well as tight interactions of the cationic side chains of Arg232 and Arg350 with the thymine dimer. This points to the important role of the active-site hydrogen bond and salt-bridge patterns in stabilizing the thymine dimer anion and slowing down the electron back-transfer process. Comparison of the repair efficiency with respect to the self-repair reaction is also discussed.